INTRODUCTION
============

Poly (methyl methacrylate) resins have dominated the denture base market for over 50 years^[@r19]^. It is known that denture bases may act as a reservoir of microorganisms and contribute to oral diseases, such as denture stomatitis, a chronic inflammatory response in the oral mucosa, in complete denture wearers^[@r03],[@r06],[@r11],[@r25]^. It has a multifactorial etiology, and *C. albicans* is reported as the primary etiologic agent^[@r20]^.

There is great evidence indicating that *Candida* is able to adhere to acrylic resin dentures. This is the first step that may lead to the development of the infectious process and that may ultimately result in varying degrees of denture stomatitis on the adjacent mucosa^[@r16]^.

To avoid the proliferation of microorganisms on the denture base resin surface, some authors have incorporated antifungal or antiseptic substances into denture base resins^[@r01],[@r05],[@r15],[@r17],[@r18],[@r23]^. However, problems can arise due to release of those substances from the resins, such as toxic effects on the oral mucosa, damage to mechanical properties when polymerized with denture base resin and loss of effectiveness over time^[@r08],[@r17]^.

Ottersbach and Kossmann^[@r13]^ (2002) reported that poly (2-tert-butylaminoethyl) methacrylate \[poly(TBAEMA) powder\] is a polycationic substance that contains pendant amino groups that act as an efficient contact biocide. Some authors incorporated this substance into polyethylene to achieve a product with antimicrobial activity^[@r07],[@r12],[@r22],[@r24]^. In those cases, mere contact of bacteria with the polymer surface is sufficient to provide the biocide effect. Similarly, the 2-tert-butylaminoethyl methacrylate (TBAEMA) monomer is a liquid substance that contains amino groups in its composition. It has been hypothesized that TBAEMA incorporated into acrylic resins might also inhibit microorganism growth on the denture surface. It would be possible because pendant amino groups might arise on acrylic resin surface, which would display antimicrobial activity and become a possible treatment for the inhibition of biofilm formation.

Considering that complete dentures are subjected to repeated flexural forces, it is important to evaluate the mechanical properties of acrylic resins after TBAEMA incorporation. The flexural strength of acrylic resins is a property that is challenged every time the denture undergoes cyclic functional deformation^[@r03]^. The evaluation of the flexural strength could be valuable to direct future studies, because it could indicate whether the incorporation of TBAEMA damages the typical resistance of the denture. The objective of this study was to evaluate the presence of amino groups on acrylic resin surface and the influence on flexural strength after the incorporation of TBAEMA.

MATERIAL AND METHODS
====================

In this study, a control group (unmodified acrylic resin) and 5 experimental groups of acrylic resin modified with TBAEMA (batch number 126031013; Degussa Creavis, Marl, Germany) in different ratios were evaluated ([Table 1](#t01){ref-type="table"}). Denture base resin Lucitone 550 (batch number liquid 395100 and powder 66655; Dentsply Ind. e Com. Ltda, Petrópolis, RJ, Brazil) was used for all groups. Each group ([Table 1](#t01){ref-type="table"}) was analyzed by XPS-ESCA (Kratos, Manchester, UK) to evaluate the presence of amino groups, represented by nitrogen ratios and submitted to flexural strength testing in a material testing system machine (Model 810; MTS System Corp, edden Praire, MN, USA).

###### 

Groups evaluated in the study, according to the proportion of powder, liquid and TBAEMA

  **Group**   **Powder (g)**   **Liquid (mL)**   **TBAEMA (mL)**
  ----------- ---------------- ----------------- -----------------
  0.00%       21               10                0
  0.50%       21               9.950             0.05
  1.00%       21               9.900             0.100
  1.50%       21               9.850             0.150
  1.75%       21               9.825             0.175
  2.00%       21               9.800             0.2

TBAEMA, 2-tert-butylaminoethyl methacrylate; PMMA, poly (methyl methacrylate); MMA, methyl methacrylate; EGDMA, ethylene glycol dimethacrylate

XPS-ESCA analysis
-----------------

Specimens for XPS-ESCA analysis were prepared by investing glass slides measuring 25 mm x 75 mm in metal flasks supported by dental stone (Herodent; Vigodent S.A. Ind. Com., Rio de Janeiro, RJ, Brazil). After the invested material had set, the flasks were separated ([Figure 1](#f01){ref-type="fig"}) and the mixtures ([Table 1](#t01){ref-type="table"}) were placed between glass slides to provide thin specimens (80-120 µm) with uniform size and smooth surface. Mixtures were then packed and polymerized in an automatic polymerization tank (Solab Equipamentos para Laboratórios Ltda., Piracicaba, SP, Brazil) according to the cycle recommended by the Lucitone 550 manufacturer (water bath: 90 min at 73°C and then boiling water for 30 min). One specimen was obtained for each group. After processing, excess acrylic resin was trimmed from all specimens with a bur (Maxi-Cut; Lesfils de August Malleifer SA, Ballaigues, Switzerland).
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XPS-ESCA was utilized to analyze the presence of nitrogen ratios on specimen\'s surface, with a Kratos XSAM HS spectrometer (Kratos). The nitrogen ratios detected on specimen\'s surface can be considered chemically similar to the percentage of amino groups on the specimen surfaces. Photoelectrons were excited by MgKa radiation (1253.6 eV, 52 W) and the binding energies of the measured photoelectron peaks were calibrated by the C 1 s peak of hydrocarbon contamination at a binding energy of 285.0 eV.

Flexural strength
-----------------

Specimens for flexural strength analysis were prepared by investing metal patterns, measuring 67 mm x 12 mm x 5.3 mm in metal flasks. To facilitate removal from the flask, the master patterns were individually invested in high-viscosity silicone (Zetalabor; Zhermack S.p.A., Badia Polesine, Rovigo, Italy) and were then further supported by dental stone (Herodent; Vigodent S/A Ind. Com.) within the flasks. After the invested material had set, the flasks were separated and the master pattern was removed from the silicone mold^[@r02]^. Mixtures of acrylic resin ([Table 1](#t01){ref-type="table"}) were then packed and polymerized in an automatic polymerization tank according to the cycle recommended by the Lucitone 550 manufacturer.

Ten specimens were obtained for each group. The specimens were polished in a polishing machine (Arotec Ind. e Com. Ltda, Cotia, SP, Brazil) to a final dimension of 65 mm x 10 mm x 3.3 mm, according to the International Organization for Standardization (ISO/FDIS 1567)^[@r09]^. Each specimen surfaces were finished with 280, 320-, 400- and 600-grit wet-dry abrasive paper (Norton; Saint-Gobain Abrasivos Ltda, Vinhedo, SP, Brazil). Specimen dimensions were verified using a digital caliper (Mitutoyo, Hiroshima, Japan). All specimens were stored in distilled water at 37°C for 50±2 h before testing^[@r02],[@r09]^.

The flexural strength of the groups was measured using a 3-point bending test in a material testing system machine (Model 810, MTS System Corp, eden Prairie , MN, USA) at a crosshead speed of 5 mm/min. The flexural strength was calculated using the formula: *FS=3WL/2 bd*^[@r02]^, where FS is flexural strength, *W* is the maximum load before fracture, *L* is the distance between supports (50 mm), *b* is the specimen width and *d* is the specimen thickness. Statistical analysis was performed using a one-way ANOVA and Tukey\'s test for *post-hoc* comparisons. All analyses were performed at α=0.05, using the SPSS for Windows software (version 12.0.0, SPSS Inc., Chicago, IL, USA).

RESULTS
=======

[Table 2](#t02){ref-type="table"} shows the nitrogen ratios on specimen\'s surfaces (%) for all groups. The results showed that the incorporation of TBAEMA into acrylic resin resulted in different nitrogen ratios on specimen\'s surfaces. The addition of 1.75% of TBAEMA to acrylic resin showed the highest nitrogen ratio (0.92%). Among the experimental specimens, the lowest nitrogen ratio was observed when 0.5% of TBAEMA was incorporated into acrylic resin (0.13%). The control specimen showed no detectable amount of nitrogen.

###### 

Nitrogen ratios on specimen\'s surface

  **Group**   **Nitrogen ratios (% atomic)**
  ----------- --------------------------------
  0.00%       0
  0.50%       0.13
  1.00%       0.74
  1.50%       0.66
  1.75%       0.92
  2.00%       0.33

Mean values and standard deviations for flexural strength are shown in [Figure 2](#f02){ref-type="fig"}. ANOVA showed statistically significant differences among the groups (p\<0.001). Tukey\'s test showed no statistically significant difference between unmodified acrylic resin (control) (98.26±3.9 MPa) and 0.5% TBAEMA group (93.32±3.24 MPa). The 1.0% (83.92±2.08 MPa) and 1.5% (82.85±5.17 MPa) TBAEMA groups showed no statistically significant difference between them. The addition of 1.75% of TBAEMA demonstrated intermediate results (71.19±5.08 MPa). The lowest flexural strength value was observed for 2% TBAEMA group (17.29±3.24 MPa).
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DISCUSSION
==========

Incorporating substances that could show antimicrobial activity into acrylic resins is a current trend in order to avoid denture stomatitis or related oral diseases^[@r01],[@r05],[@r15],[@r17],[@r18],[@r23]^

In this study, TBAEMA was incorporated into acrylic resin (Lucitone 550). The literature is scarce about this subject, since no study was found describing the incorporation of TBAEMA in polymers for dental applications. However, acrylic resin could possibly show antimicrobial activity if amino groups were found on it surface after incorporation of TBAEMA, in view of the fact that there is an association between amino groups on surfaces and antimicrobial activities^[@r12]-[@r14],[@r22],[@r24]^.

Different nitrogen ratios were found on specimen\'s surface. The nitrogen ratios detected on specimen\'s surfaces can be considered chemically similar to the percentage of amino groups. These results are important because the literature presents that polymers functionalized with pendant amino groups display high antimicrobial activity^[@r12]-[@r14],[@r22],[@r24]^. Consequently, acrylic resin containing TBAEMA could show antimicrobial activity, although these findings cannot be extrapolated to clinical use without further investigations.

In general, an increase in the atomic percentages of nitrogen was associated with higher concentrations of TBAEMA in acrylic resin. The resin containing 2% TBAEMA showed lower values with regard to the percentage of amino groups than the others. This might have occurred due to a possible decrease in the degree of conversion of acrylic resin, which may result in less free nitrogen on specimen surfaces.

Flexural strength results demonstrated that the incorporation of TBAEMA to acrylic resin promoted an increasing reduction in this property. A decrease in denture base acrylic resin flexural strength can result in greater fracture incidence by impact or oclusal forces^[@r04],[@r21]^. However, the values found for all groups, except for the 2% group, are within the minimum value (65 MPa) recommended by the ISO 1567 standard^[@r09]^.

It seems that acrylic resin may soften by the incorporation of TBAEMA and flexural properties dramatically go down with incorporations higher than 1.75%. A possible reason for that effect is the incomplete polymerization process of acrylic resin after the incorporation of TBAEMA and a large amount of residual monomer. Jagger^[@r10]^ (1978) stated that residual monomer adversely affects the mechanical properties by means of plasticizing effect. Moreover, the results of this study are consistent with previous reports, which found that the flexural strength value decreased with the increase in antimicrobial agents added to acrylic resin^[@r01],[@r03],[@r05],[@r23]^. Shibata, et al.^[@r23]^ (2007) affirmed that the degree of conversion of acrylic resin might be adversely affected after addition of other material, which would lead to an increase in residual monomer amount on acrylic resin. Taken together, the decrease in the degree of conversion of acrylic resin and the increase in residual monomer amount would cause a loss in mechanical properties of acrylic resin. Dhir, et al.^[@r05]^ (2007) supposed that the decrease in flexural strength could be associated with the dilution of components of the liquid, such as the cross linking agent ethylene glycol dimethacrylate (EGDMA). Cunha, et al.^[@r04]^ (2009) explained that the lower mean flexural strength and modulus of elasticity of acrylic resin after incorporation of fluoroalkyl methacrylates resides in the intermolecular interaction because the presence of this substance in methacrylic polymers results on different intermolecular distances among polymers chains.

This *in vitro* study has some limitations. Firstly, literature is scarce about this subject, since no study was found describing the incorporation of TBAEMA in products for dental applications. Additionally, just one commercial available heat-polymerized acrylic resin (Lucitone 550) was tested. It is possible that the incorporation of TBAEMA in another acrylic resin with different polymerization cycle, as microwave-polymerized or autopolymerized acrylic resins could not cause deleterious effects on its mechanical properties, as observed in this study. It would allow for higher concentrations of TBAEMA, and consequently higher amine ratios on acrylic resin surface.

Further studies are recommended to investigate the conversion degree of acrylic resin, quantify the amount of residual monomers and analyze physical, chemical and mechanical properties of acrylic resin after incorporation of TBAEMA. Furthermore, microbiological and cytotoxicity tests are required before these findings can be applied in clinical research, from the perspective that complete dentures with antimicrobial properties could improve the oral health of elderly patients.

CONCLUSION
==========

The presence of amino groups on acrylic resin surface after the incorporation of TBAEMA indicates a possible antimicrobial activity. However, certain concentrations of TBAEMA can reduce the flexural strength of the tested resin.
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